Abstract The objective of this study was to describe an adult male patient with ankylosing spondylitis (AS) associated with thoracic spinal cord herniation (TSCH). TSCH is a scarce entity presented as a displacement of thoracic cord through an anterior or anterolateral dural defect. More importantly, the co-occurrence of AS and thoracic spinal cord herniation is exceptional. To date, only one case of SCH in association with AS has been reported in the literature. A 56-year-old male patient presented with the progressive difficulty in walking and numbness of both lower limbs for the past 18 months. The patient was diagnosed as AS when he was 30 years old. Sagittal MRI of thoracic spine showed dural defect of the posterior aspect of T11 and 12 vertebral bodies. Axial T2-weighted MRI demonstrated that spinal cord was displaced ventrally and to the right. The diagnosis of TSCH with AS was established. The prognosis was explained to the patient. We recommended duraplasty for dural repair to the patient, but he refused surgery. The results demonstrated that TSCH associated with long-standing AS was very uncommon, and MRI is recommended to rule out SCH in the long-standing AS patients with neurologic symptoms. The SCH in AS might be caused by inflammation, and thoracolumbar hyperkyphosis results from AS might be associated with the development of SCH.
Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory rheumatic disorder known as spondyloarthropathies [1] that primarily affects the spine and axial joints, causing pain, stiffness and a progressive thoracolumbar kyphotic deformity [2] . In the untreated cases, the long-lasting persistent inflammation causes progressive rigidity of the entire spine which could subsequently lead to two major complications of AS: the hyperkyphosis of thoracolumbar spine and neurological complications [2] . Lumbosacral radiculopathies, cauda equine syndrome and compression of the spinal cord have been reported as extra-articular manifestations of AS [3, 4] .
Thoracic spinal cord herniation (TSCH) is a scarce entity presented as a displacement of thoracic cord through an anterior or anterolateral dural defect. More importantly, the co-occurrence of AS and thoracic spinal cord herniation is exceptional. Which one of these two diseases antedated the other is unsure. In addition, neurological complications are very rarely described in patients with AS and SCH. To date, only one case of SCH in association with AS has been reported in the literature [5] . Here, a new case diagnosed with thoracic spinal cord herniation associated with ankylosing spondylitis in our center was reported. By incorporating the improved understanding on the pathogenesis of SCH, the potential association of TSCH in long-standing AS patients was discussed.
Case report
A 56-year-old male patient visited our outpatient service with the chief complaint of progressive difficulty in walking and numbness of both lower limbs for the past
Spine Surgery, The Affiliated Drum Tower Hospital of Nanjing University Medical School, Nanjing, China e-mail: scoliosis2002@sina.com 18 months. The patient was diagnosed as AS when he was 30 years old, without a systemic therapy for AS but only analgesics for symptomatic relief. He had no other history of trauma or surgery.
The physical examination showed a kyphotic deformity in thoracolumbar spine with decreased sensation below the saddle area, marked weakness in muscular strength of the bilateral lower extremities (grade 3/5 of the iliopsoas muscle and 0/5 of the extensor hallucis longus muscles) and increased muscle tone. In addition, the reflexes of patella tendon and Achilles tendon were decreased. The ankle clonus and Babinski signs were positive in both sides.
The blood tests (C-reactive protein and erythrocyte sedimentation rate) yielded normal results. Lateral lumbar spine X-ray film demonstrated ankylosis in apophyseal joints, and the characteristic undulating osseous outgrowths in the anterior aspect of lumbar vertebrae and disc spaces, and the kyphosis of thoracolumbar with a Cobb angle of 37 degree (Fig. 1) . Sagittal MRI of thoracic spine showed dural defect of the posterior aspect of T11 and 12 vertebral bodies. At this level, ventral subarachnoid space was obliterated, and a ''C'' shaped anterior kinking of the spinal cord was adhered into the dural defect in vertebral bodies. A relative enlargement of the dorsal subarachnoid space was present (Fig. 2a, b) . Axial T2-weighted MRI demonstrated that spinal cord was displaced ventrally and to the right (Fig. 3a, b) .
The diagnosis of TSCH with AS was established. The prognosis was explained to the patient. For the purpose of reversing or stopping the progression of serious neurologic deficits, we recommended duraplasty for dural repair to the patient, but he gave up this treatment strategy because of financial concern.
Discussion
Recently, neurological complications have been reported in patients with AS [2, 6] . Cauda equine syndrome and the compression of the spinal cord have been reported as extra-articular manifestations of AS [3, 4] . In the current patient, the progressive difficulty in walking and numbness of both lower limbs during the past 18 months drived us to believe that it may be related to spinal stenosis secondary to AS. However, the severity and pattern of neurological dysfunction presented in the case were atypical in AS patients. Then we did the MRI of the thoracic spine, which showed a typical TSCH (Figs. 2a, b,  3a, b) .
SCH through an anterior dural defect was a rare clinical entity, although more SCH were reported in the past years because of the increased use of MRI [7] . It has been shown the TSCH patients were initially asymptomatic [8] . In addition, these symptoms typically are long lasting before the precise diagnosis [9, 10] . In the literature, most of the patients typically present with Brown-Séquard syndrome [11] [12] [13] [14] [15] . Furthermore, the diagnosis of TSCH may be delayed because of its nonspecific clinical features. Regarding the patient reported here, the history of longlasting AS, but fast progression of neurological deficits within a short period, was similar to that of TSCH reported although the clinical manifestation was atypical (paralysis and paraparesis) in contrast with typical ISCH (BrownSéquard syndrome) [9, 10] .
TSCH associated with long-standing AS was very uncommon, and there were only two cases reported, including our patient. Baur et al. [5] first reported the case of a 50-year-old man with SCH and AS. Displacement of the conus medullaris and cauda equina fibers into the bony defect on the posterior portions of T12 and L1 vertebral bodies was identified [5] . Compared with that patient [5] , the similar long-standing history of AS was found in our patient. In addition, both cases suffered neurologic deterioration in bilateral lower extremities.
The SCH can be caused by trauma, operation, or unknown factors which were defined as idiopathic SCH (ISCH) [7] . Our patient has no history of trauma or operation, indicating the SCH was idiopathic. ISCH was first reported by Wortzman et al. [16] in 1974. It was well accepted that the presence of a dural defect is considered to be a necessary condition of SCH [17, 18] . Najjar et al. [19] proposed that an inflammation might lead to arachnoid adhesion formation and erosion through the dura forming an idiopathic dural defect and subsequent spinal cord herniation. The inflammation resulting from incarceration of the cord [20] may also cause the increased thickness of dorsal arachnoid [17, 21, 22] . In addition, within several mechanisms suggested as cause of nervous system involvement in AS, inflammation and compression are the main causative mechanisms [23, 24] . It has been illustrated in AS patients that the neurologic deficit might be caused by inflammation. Dural inflammatory, arachnoiditis and dorsal bone elements of spine erosions were identified as causes of caudal equine syndrome (CES) [24] . The CES-AS syndrome has been described in numerous studies [3] , and the prevalence of neurologic findings in the CES-AS syndrome was very high. Nearly all patients presented with a symptom of sensory or reflex loss [3] . In AS, the erosive inflammatory condition has preference toward erosion of openings where tendons and ligaments insert into bone, and then it causes the body's biochemistry to attempt to fill in the defect with new bone growth [25] . From above, inflammation not only increases the risk of neurological deficit of AS, but also increases the risk for SCH. Hence, despite the uncertainty of temporal relationship between TSCH and AS, we presume that their coexistence in our patient is not accidental. It is worthwhile to note that despite the neurological deficits are similar in the patients with CES or SCH, the occurrence of CES in the patients with TSCH has not been reported in the literature. In addition, in contrast to the CES, in our case a ventral but not dorsal dural defect was found and the spinal cord surrounded with the cerebrospinal fluid was herniated into the back of the vertebral bodies and disc space.
In the patient with SCH in AS reported by Baur et al. [5] , histological examination showed inflammatory cells on the fibrotic-thickened arachnoid membrane. The results were consistent with the hypothesis of Najjar et al. [19] and strongly hint that SCH was caused by the inflammation. Although further verification on the proposed mechanism by histological diagnosis study is not available in the present case, the history and clinical symptom of the current case were similar as the one reported by Baur et al. [5] . Hence, it is possible that the SCH observed in the current case was also caused by inflammation.
Thoracolumbar kyphosis caused by AS might also be involved in the development of SCH. In the literature, most ISCH located between T2 and T10 [21] . The SCH in AS reported by Baur et al. [5] and here, however, was found at the T12-L1 and T11-12 levels, both of which were the apical vertebrae of thoracolumbar kyphosis. In both cases, there might be bony defects on the posterior vertebral bodies and Baur et al. [5] found the conus medullaris and the cauda fibers were displaced anteriorly into the bony defect caused by AS. Moreover, it has been reported that with the hyperkyphosis of thoracolumbar spine, the spinal cord lay directly along the ventral dura, and the dural defect would lead to adhesion and frank herniation of spinal cord [26] . Such a prolonged pathophysiological process would fit with the long-standing, progressive course observed in our patient. Hence we speculated that thoracolumbar kyphosis secondary to AS leads to the adhesion of the thoracic nerve roots, contributing to the development of SCH. For the treatment of ISCH, management options include observation and surgical intervention [27] [28] [29] , and conservative management is typically advocated for the patients who are neurologically stable without significant motor deficits [13, 30] . When surgery is recommended, the herniated spinal cord is repaired by either enlarging the dural defect or repairing the dural defect [12, 13, 27, 31] . Generally closure of the dural defect is preferred because it may be less associated with recurrent spinal cord tethering or epidural CSF collections [27] . Up to now, surgery with duraplasty has been widely performed with good results in most cases with Brown-Séquard syndrome [32] . In the case reported by Baur et al. [5] , resection of the adhesions of the cauda fibers and release of the conus medullaris from the dural defect resulted in marked improvement of the neurological symptoms.
Recently, Barbagallo et al. [18] described two cases with SCH at the vertebral body level, where the surgical outcome was poor. In particular, he hypothesized that vertebral body level SCH occurring into a vertebral body cavity may form a distinct subgroup with both an atypical presentation and a poor prognosis. In our case, the SCH also occurred at vertebral body levels (T11-T12). Despite our patient had a history of long-standing AS and neurologic deficits, and the surgical outcome appeared less predictable, we prefer operation for dural repair for the purpose of reversing or stopping the progression of neurologic deficits. Unfortunately, our patient refused surgery.
In summary, the present case is of interest because of the unusual association between AS and TSCH. To our knowledge, this is the second case reported in the literature. A long-standing AS patients with severe neurologic deficits were diagnosed as TSCH with AS after MRI examination. Hence, we suggest performing MRI examination for the long-standing AS patients with neurologic symptoms to rule out SCH. The SCH in AS might be caused by inflammation, and thoracolumbar hyperkyphosis results from AS might be associated with the development of SCH, although the possibility of pre-existing SCH cannot be excluded.
